The current article depicts the impact of the effective Prandtl number on thermally developed flow of magnetized tangent hyperbolic fluid containing nanoparticles over a porous surface with shear rate viscosity. Zero normal mass flux condition for nano particles is used with second order slip features. In order to prop the suspended nanoparticles by associate effect of buoyancy force and magnetic field is implemented. Bio-convective effect with Nield boundaries due to gyrotactic motile microorganisms is the concerned factor of current communication. The implemented appropriate transformation function is used to transform the system of self-determining partial differential equations (PDEs) into the sets of non-linear ordinary differential equations (ODEs). These transmuted expression computed numerically by bvp4c function on MATLAB using mathematical scheme shooting technique. Furthermore, the interesting phenomena of controlling parameters, is inspected on velocity profile, temperature distribution, concentration profile of nano particles and motile microorganisms by using graphical and numerical techniques. The first order and the second order slip parameters decay the momentum boundry layer, and boosted up the velocity profile as enhance in the value of mixed convection parameter. It is deduced that the Peclet number and the bioconvection Lewis number results delay in the density of the motile microorganism. For the efficient of the thermal field, the bioconvection is induced by the gyrotactic microorganisms to stabilized the nanoparticles.
I. INTRODUCTION
Numerous researchers done pioneering work to scan the heat transmission rate. The heat transfer phenomenon has a remarkable significance in applied sciences, engineering and industrial fields due to its several applications. Thermally conductive of the fluid is an interesting area of the The associate editor coordinating the review of this manuscript and approving it for publication was Lei Wang. recent research. The latest exploration regarding the term nano technology is now becoming the topic of great interest in engineering and technology, because of their increasing demand in industries. Non-Newtonian fluids deeply focused by physicists and engineers nowadays by [1] - [3] . Though world is suffering the energy crisis, because of the global warming and environmental pollution. So that, for the justifiable progress, the researchers are engage in the discovery of new heat transferring techniques. Current progress in nanotechnology results in latest techniques to reduce the energy crises. Nanofluids initiated by Choi and Eastman [4] in 1995, attained vast consideration in current years. The nanofluids are known to be best prospective coolants in industries.
Nanofluids are basically a mixture of nano-sized particles submerged in a fluid called base fluid, which expand the thermal features because of collaboration of these nanoparticles. For example, the two remarkable slip phenomenon specifically, thermophoresis and Brownian motion effect for improvement of convective rate of heat transmission is investigated by Buongiorno [5] . Khan and Pop [6] offered the nanofluid flow by means of Buongiorno model passed through a stretching surface. The thermal diffusion and Brownian phenomenon in flow of tangent hyperbolic nanofluids immersed in the porous medium is inspected by Bhatti and Rashidi [7] . The mechanics of nanofluid past over a surface (moving and stretching) is effectively investigated by Rashidi et al. [8] . The significance of the flow of thyrotrophic nanofluids in animation of the Joule and thermally radiative profile was examined by Hayat et al. [9] . Zhu et al. [10] used 2 nd order slip in flow of nanofluids in cooperation with radiation effect. Additional involvement concerning stagnation point flow of nanofluids passed through a permeable surface was done by Ramesh et al. [11] . Makinde and Aziz [12] established boundary layer equations for viscous nanofluids that flow over a stretching surface. Kishan and Deepa [13] examined the impacts of micropolar nanofluids nearby stagnation point flow passes through over a surface which moving linearly in the existence of porous medium. Sheikholeslami et al. [14] explored the usual pact for heat transmission in the cavity in existence of sinusoidal wall with nanoparticles of CuO. Sheikholeslami and Ganji [15] offered a mathematical model of nanofluids for both phases of fluid model, single phase and two phase. Furthermore, they examined that was the heat transmission rate enhance as boost up in the value of the Rayleigh and Reynold number.
Non-Newtonian fluids that may be accomplished to recounting the shear thinning mechanism are known as tangent hyperbolic fluids, for example, ketchup, blood, Lava and paints. This rheological idea is used to formulate the model of other non-Newtonian fluids. Instead of presuming from the empirical relation, it is presumed from the kinetic theory of liquids. Moreover, this model is elaborate the blood flow precisely investigated by Prasad et al. [16] .
Hayat et al. [17] inspected the magnetohyrodynamic tangent hyperbolic nano fluid flow over a stretched surface by means of variable thickness and observed that the heat transmission rate was an expanding function of Prandtl number. The timedependent flow of magnetohydrodynamic tangent hyperbolic nanofluids by means of a chemical reaction from a convective heated Riga sheet was investigated by Hayat et al. [18] . The Hartmann number results in expanding the coefficient of skin friction and velocity field was a significant discovery.
Alim et al. [19] examine the effects of nanofluids flow over vertical plate in presence of viscous dissipation and Joule heating effect.
A tangent hyperbolic fluid is one of the non-Newtonian fluids which has various application could found in industry and their experimental/ investigational results are extensively used in different laboratories for the purpose of industries and engineering. It has a non linear relationship between strain rate and stress. This model is found for field experiments to forecast shear thinning phenomenon very exactly. Thixotropy is the property of fluids and consider as the process of making non-viscous the fluids due to some factors applied on it. The thixotropy is the time dependent shear thinning property under static condition. In this article this factor is applied on the fluid, under these factors the magnetized tangent hyperbolic nanofluid with second slip and motile microorganism is meditate the effects and generate the two dimensional steady non-viscous fluid flow. The compound chin of these fluid like thixotropy, shear thickening and viscoelasticity, The extraordinary application of this prospects bound together outlooks [20] and [21] have not yet risen for the current in such means. The numerical solution of tangent hyperbolic fluid for the transformation of heat was analyzed by Gaffar et al. [22] under the consideration of the Biot number, he noticed that the improvement in skin friction by the making an increment in the sharp values of Biot number, temperature, heat transfer rate and velocity. The flow of magnetohydrodynamic with tangent hyperbolic nanofluids was investigate by Ibrahim [23] . They consider stretching sheet by considering convective and 2 nd order slip conditions with the conclusion that with the decrement in thermophoresis parameter Nusselt number is reduced. Nagendramma et al. [24] scrutinized the flow of MHD tangent hyperbolic nanofluids with double stratification by utilizing the porous cylinder, he observed that with the enhancement in Lewis number the concentration field depreciates and it appreciates as the Weissenberg number is improved. In recent days thermal radiation [25] phenomenon is the main focus for many researchers due to its heat transfer capability. By using the stretched surface, Akbar et al. [26] ascertained effect of boundary layer MHD flow on tangent hyperbolic fluid. The impact of the tangent hyperbolic flow in 2-D fluid was securitized by Hayat et al. [27] near the stagnation point with thermal radiation over stretched surface. Further flow of magnetohydrodynamic with tangent hyperbolic nanofluids was investigate by Malik et al. [28] while passing over a stretching cylinder. Naseer et al. [29] used the vertical stretching cylinder and gave a brief description on tangent hyperbolic fluid flow on the boundary. Recently the thermal conductivity and field of magnetic effects on heat transfer phenomenon of fluid flow in tangent hyperbolic was explored by Salahuddin et al. [30] . Heat source/sink effect on tangent hyperbolic nanofluids was ascertained by Salahuddin et al. [31] by using the stretching cylinder. Khan et al. [32] investigate the tangent hyperbolic nano fluid with combine electrical MHD fluid flow with activation energy with new phenomena of Wu's slip features. Bibi et al. [33] work on the numerical solution of the unsteady solid particles containing the nano size metallic particles of tangent hyperbolic fluid flow with convective Nield boundry conditions by applying the bvp4c technique on Matlab. Abdelsalam et al. [34] introduced the magnetized particles fluid suspension with Metachronal propulsion with heat and the mass transfer effect over a channel flow. Majeed et al. [35] illustrate the numerical solution of the chemically reactive Darcy-Forchhimeir with the second order slip features with activation energy.
The upward movement of microorganisms is because of their high density as compared to water so microalgae and bacteria move against gravity. Microorganisms gather on the upper layer of suspension due to which upper layer becomes denser than lower layer which results an unstable density distribution. At the end unstable convection patterns are generated. In the suspension microorganisms create a random and spontaneous movement patterns defined as bio-convection. The involvement of microorganisms in industrial, ecological and commercial products is the reason of exploration of microorganisms and their swimming patterns. The investigation of Microorganism's pattern swimming in water and other denser liquids due to their significant involvement in fertilizers, ecological fuels, fuel cells and ethanol. Zhao et al. [36] has given an analysis on flu gas combustion system, by this system CO 2 is extracted from exhausts of industries by using Microalgae. Siddiqa et al. [37] studied the Bio-convection flow of microorganisms involving water based nanofluids and gyrotactic stimuli with effect of mass and heat flux transfer phenomenon. Uddin et al. [38] introduced the combined effect of various parameters like as buoyancy, The Runge-Kutta method is used to understand the effect of Browning motion and also used to discuss the effect of thermophoresis on nanofluid by all means. The set of nonlinear partial differential equations (PDEs) is also used in the form of ordinary differential equations (ODEs) and for convergence purpose R-Kutta method is used. Mathematical simulations and extensive modeling are extraordinary achievements in nanofluids bio-convection. Mutual movement of motile microorganisms in fluid is considered as macroscopic convective movement and causes bio-convection. The density difference occurs in microorganisms and fluid thus density of fluid is enhanced by movement of motile microorganism. When the motile microorganisms show the upward swimming behavior then the surface layer is stratified by them. Chemotaxis, photo tactic and gyrotactic are different stimulators which contribute in activation of microorganisms in a liquid. Various bioconvection systems are created because of different responses of microorganisms towards the stimulators. Reference [39] Investigates the various reactions of microorganisms towards external agents like oxygen, light and magnetic field etc. Recently many researcher contribute in the interesting phenomena see in [40] - [49] . The revision of nanofluids flow with motile microorganisms due to its massive applications in various micro systems got wide care of many academics. Till date topic of nanofluids flow with micro-organisms has not been much explored. Micro channel heat sinks, enzyme biosensors, micro heat cylinder, in constructing chip-size micro plans to daze the disadvantages of Nano particles are significant applications of the study of nanofluids flow with gyrotactic motile microorganism. We ensured such flow model with suggested feature is not reported in the literature. The interesting results explored here can be utilizes for the processing of electrically conductive materials and all enhancement heat transfer phenomena. Outcomes and detailed results are in the term of microorganism's motions, temperature, nanoparticles and velocity are presented.
II. MATHEMATICAL MODEL DEVELOPMENT
Let us considered the 2-dimensional, magnetized tangent hyperbolic nano fluid flow containing the gyrotactic motile microorganism with Wu's slip features over a porous stretching sheet. As u w (x) is the stretching sheet velocity. The flow is perpendicular along the plane y ≥ 0. The microorganism swim independently by of the nanoparticles direction, as nano particles have no effects along swimming. To stabilize the volumetric nano particles, the gyrotactic motile microorganisms are utilized into the nanofluids due to bioconvection. As assume the density of the gyrotactic motile microorganism at the surface is N w and constant temperature is T w and volumetric nano particles, whereas the ambient temperature distribution is T ∞ , motile microorganism profile density is N ∞ and the concentration field C ∞ .
The governing equation as the extra stress tensor for tangent hyperbolic described by the Akbar et al. [26] is
where τ is represent as the extra stress tensor, is constant use for the time constant, the zero and the infinity shear rate viscosity is given as η 0 , η ∞ respectively, the non-dimensional power index law is n and˙ is defined aṡ
where is the strain-rate tensor of 2 nd invariant and is define as
Therefore, the equation (1) becomes
The system of governing equations of tangent hyperbolic nanofluid introduced as [18] , [24] , [50] Using boundary layer assumption, the continuity can be evaluated as 
The energy equation for nano fluid with radiation is expressed as
nano particles concentration equation is defined as
where is constant represent as the time constant and the dimensional less n is used for the power law-index. When n = 1 for the fluid is Non-Newtonian and (n = 0) power law index, the model is reduced to Newtonian fluid. The applied magnetic field strength is denoted as B 0 , σ * is define for electric conductivity, K symbolized the permeability of porous medium, density, β 1 volumetric expansion coefficient, g 1 the gravity, φ denotes the porous medium, γ 1 is the average volume of the microorganism, ρ p density of the nanoparticles, N is the density of gyrotactic microorganism, ρ f density of the base fluid, T is temperature. In these equations velocity component u is in x direction while v is assumed along y directions, the temperature term of the nanofluids is denoted as T , the volume for nanoparticle volume friction is C, α 0 is thermal conductivity, heat capacitance of nanoliquids is (ρc) f , (ρc) p effective of heat capacitance of nanoparticles, q r is radiative heat flux, D B for Brownian diffusivity, D T for thermophoresis diffusion coefficient, According to radiative heat flux theory
The implementation of Eqs. (8) (9) in Eq. (6), we have
where σ * s is Boltzmann Constant and k * 1 stands for absorption coefficient. The expansion of Tayler's series is T ∞ after ignoring the terms of higher ordered results following equation.
The appropriate boundary conditions are shown below
where the slip velocity at the surface U slip is define by Wu's [23] ,
For all α and β are the momentum accommodation coefficient with 0 ≤ α ≤ 1 and molecular mean free path respectively. K n1 is the Knudsen number. Used by [39] U slip = ∂u ∂y +
For all is constant and similarity variables are displayed in the below Eqs., Refs [23] , [28] , [32] 
As the evaluation of stream function ψ (x, y) is given below
With the help of similarity transformation and boundaries approximation in equation (4-11) with associate boundary conditions (12) (13) shows as
It is worthy pointed out that energy Eq. (19) consist of two important parameters i.e., Prandtl number Pr and radiation parameters Rd. According to Magyari and Pantokratoras [51] , there is no need to solve it with two parameter approach i.e. two different values of Pr and Rd. The Eq. (19) is written as
Similarly, transmuted boundary conditions are shown below
For all prime denote differential with respect to t η 'f , θ, φ, χ are the dimensional less velocity, temperature and the microorganism respectively.
are the Biot number, while the combine magnetic parameter and porosity parameter, mixed convection parameter, Prandtl number, Bio convection Rayleigh number, Buoyancy ratio parameter, Weissenberg number, n is to use for power lawindex, the factor of thermophoresis, the factor of Brownian motion, radiation parameter, is effective Prandtl number, Lewis number, 1 st order velocity slip parameter, 2 nd order velocity slip features parameter respectively. We newly present the local Nusselt, local Sherwood and motile microorganism local density numbers are physical quintiles like Nu
τ w is known as the wall shear stress
with the help of the above equations, we grow
now Re x = ax 2 /ν and Nu x are local (Reynold and Nusselt) number respectively.
III. NUMERICAL PROCEDURE
The resulting system of the highly non-linear differential equations (18)-(22) subject along with the boundary conditions (23)-(24) constitutes two-point boundary-value problem is transformed in to the initial value problem by utilizing the well-known shooting technique introduced by [52] , [53] as
A computational work is done by using built in function bvp4c solver on MATLAB.
IV. ANALYSIS OF TABULATION
In order to scan the results of the magnetohydrodynamics (MHD) flow of tangent hyperbolic fluid with nano particles [23] a numerical computation is performed for Prandtl aspects on boundary layer magnetohydrodynamics (MHD) flow of tangent hyperbolic fluid is compared with the different values of −f (0) skin friction coefficient with magnetic field profile factor M in Table 2 . is prepared to report the variation of −f (0) for the different values of pertinent parameters We, n, K 1 , Nc, Nr, λ, γ , δ, as increase in the value of the n, λ, get the maximum value of −f (0), but the opposite behavior is observed as value of We, K 1 , Nc, Nr, γ , δ, increased. Table 3 . illustrates the result for the Nusselt Number −θ (0). It is noted that the −θ (0) get its maximum values as increase the values of We, K 1 , Nr, Nc, γ , α. The basic purpose of the Table 4 . Shows the various effect of under discussion parameters We, n, K 1 , Nr, Nc, λ, γ , α on the φ (0) Sherwood number. As arise the values of γ , δ, the value of φ (0) retard. Table 5 . scrutinized the behavior of density of local motile microorganism −χ (0) for the different values of pertinent parameters We, n, K 1 , Nr, Nc, λ, γ , α.
It is to be observed as increment in the values of γ , δ first order and second order velocity parameters, motile microorganisms boosted up.
V. ANALYSIS OF GRAPHS
In this section all the graphical results elaborated and created with the help of computational software Matlab-16a (bvp4c) solver. In order to understand the figures, one must have to know that each black curve demonstrate the initial effect and variation starts with blue, red and finally green curve as the increases or decreases the values of effective parameters with their own behaviors.
In this section the graphical results interoperate for the different values of various parameters, like n = 0.3, K 1 = 0.2, Fig.2 illustrates the impact of the power law index law index n over the velocity distribution f (η). As magnifying the value of the parameter n, the momentum boundry layer thickness retard. The augmented of the value of Weissenberg number We, the results for the velocity profile f (η) retard. The depreciation in the momentum and the boundary layer thickness and the fluid velocity. Physically, the viscoelastic Weissenberg number is used to create the ratio between time relaxation and specific time process which is described by the Akbar et al. [26] . Hence by escalating the aspects of Weissenberg number, by the large number of relaxation time it gives a conclusion that a relaxation number increases the resistance between fluid particles, which slow down its velocity is demonstrated in Fig.3 . Fig.4 shows the effects of the combine porosity and the magnetic parameter K 1 over a velocity field. It is noticed that the velocity field f (η) decrease, as increase in the value of the combine porosity and magnetic parameter K 1 . It is due to the Lorentz forces, which resist the motion of the fluid particle, which decelerate the fluid motion. Fig.6 depicted to visualized the nature of the slip parameter γ and the δ as the first and the 2 nd order slip on the velocity profile. It is reported that when the values of these slip parameters uplift, the boundary layer thickness decrease for the both parameters. Physically, one can say that slip parameter has the difference between fluids and solid body i.e. the medium hence when it is increased then the velocity of the fluid decreases because it creates a major gap between solid and fluid. Fig.7 plots for velocity profile against assorted values in parameter λ, which represents the mixed convection i.e. the combination of natural convection and forced convection. The velocity profile is perceived by the enhancement, and the temperature distribution retard as rises in the value of the factor λ. Fig.8 and Fig.9 plotted against the parameters bioconvection Rayleigh number Nc and the buoyancy forces Nr over a velocity profile. It is noticed that as intensify the values of both these parameters, the velocity is increased. Fig.10 illustrates to privileged the value of the power law index n on the temperature distribution θ (η). The temperature of the fluid rises with the increase in the value of the parameter n. Fig.11 reflects the variation of Weissenberg number We on the temperature distribution θ (η) . For higher values Weissenberg number We the temperature of the fluid rises. Fig.12 demonstrate the impact of the combine porosity and the magnetic parameter K 1 over the temperature distribution. As increment in the value of the parameter K 1 , the temperature field uplift. Fig.13 shows that the decreasing behavior in the temperature field, as enhance in the value of mixed convection parameter λ. In Fig.15 the impact of the thermophoresis parameter Nt against the temperature distribution is visualized. Under the force of temperature gradient the different particles of fluids show different response and make some variation in order to the dimension of opposing or reacting force. This process is defined as thermophoresis and also the type of fluid force which has number of particles applications. Thermophoresis is the term of temperature and thermal radiation; its applications are appeared when temperature profile applied. It is clear that from previous studies the particles move from colder side to hoter side, so the upper temperature makes the evolution construction required for atomic hurdles more feasible. In terms of dynamical theorem, it is developed and improved by Ludwig Boltzmann. Fig.16 visualized the influence of the effective Prandtl number Pr eff on the temperature distribution θ (η). As increment in the different values of the Prandtl number Pr eff the temperature field retard. The effective Prandtl number is inversely proportional to the radiation and directly proportional to the Prandtl number Pr. As Prandtl number is the ratio between heat capacity and thermal conductivity, hence both parameters are connected and Prandtl number can only rise when heat capacity is low and heat capacity and the retardation of velocity and temperature. Fig.17, Fig.18 and Fig.19 illustrate the effect of different parameters, as power law index n and Weissenberg number We, and the combine porosity and the magnetic parameter over the volumetric nano particle concentration profile. As enhance in the value of these parameters, the concentration profile increase. Fig.21, Fig.22 and Fig.23 are prepares to examine the curves for concentration field φ (η) for the different value for the Brownian motion factor Nb and bio-convection Rayleigh number Nc and the effective Prandtl number Pr eff . As rises in the value of the factor Nb drop the concentration distribution, but in the opposition in behavior of observed for the bioconvection Rayleigh number Nc, the concentration profile increase. Generally, the phenomena Brownian motion Nb is inverse ratio of concentration field. As we know that the Brownian motion is bombardment of particles, and this continuous motion warms up the fluid, which causes particles to move away from core that results reduction in concentration field. As enhance the value of effective Prandtl number Pr eff , the volumetric concentration profile retard is shown in Fig.22 . Fig.23 and Fig.24 examine the effect of the thermophoresis parameter Nt and the mixed convection parameter λ over the concentration profile. The volumetric concentration profile boosted up as increment in the value of both the parameters Nt and λ. Fig.25 and Fig.26 illustrates the effects of power law index n and the Weissenberg number We on density microorganism profile χ (η). It is observed that increase in the value of both the parameters, the density of the microorganism profile thickness enhances. Weissenberg number basically discusses Fig.27 depicted the impact of the combine porosity and the magnetic parameter over the density of the gyrotactic motile microorganism profile. It is observed that as boost up in the value of the parameter K 1 , the microorganism field uplift. Fig.28 depict the effect of the mixed convection parameter λ on density microorganism profile χ (η). As rises in the value of the factor λ the microorganism graphs is decreasing function. The phenomenon of mix convection happens when natural convection and forced convections combines to act together for heat transfer. It usually determines how much convection is happened in the fluid. Fig.29 shows the variation of the microorganism field with respect to the bio-convection Rayleigh number Nc. The microorganism graphs increase as in crease the values for the parameter Nc. Rayleigh number is the relation between buoyancy and viscosity within the fluids. Fig. 30 and Fig. 31 depict the impact of the bio-convection Lewis number and the Peclet number. As increase in the values of these parameters the graphs for motile microorganism's distribution retard. 
VI. CONCLUSION REMARKS
In the current research article of effective Prandtl aspects on thermally developed magnetized tangent hyperbolic fluid containing nanoliquids due to a porous sheet with gyrotactic motile microorganism and 2 nd order slip features is illustrated numerically, by applying the built in MATLAB function bvp4c solver. The significant findings of the current article are summarized below.
• The velocity distribution decaying trend about results
as augmented values of the combine magnetic and the porosity parameter K 1 but opposite result is observed over temperature.
• To intensify the value of effective Prandtl aspect Pr eff witness the devaluing of the temperature as well as nano particles concentration profiles.
• By escalating the value of the 1 st , 2 nd order velocity slip features γ , δ a devaluation behavior is inspected on velocity distribution f (η).
• The temperature and the concentration profiles are increasing function, as gradually mounting values of power law index n.
• By inspecting thermophoresis parameter Nt and Brownian motion parameter Nb. It is noticed that the proportion is directly toward the temperature, while in case of concentration Nt phenomena behave same, but converses for Brownian motion parameter Nb.
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